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ABSTRACT 

Gharbi, N. and Ben Abdallah, S. 2016. Effectiveness of kaolin treatment for the control 

of the olive fruit fly Bactrocera oleae in Tunisian olive groves. Tunisian Journal of Plant 

Protection 11: 73-81. 

 
The impact of kaolin treatments (Doses D1 = 3 kg/hl and D2 = 5 kg/hl) on the olive fruit fly Bactrocera 

oleae populations was investigated during a three-year study (from 2012 to 2014) in olive grove 

located in Nabeul: North-Eastern of Tunisia. The results showed that kaolin based-treatment compared 

to dimethoate, led to a very low level of olive infestation. Kaolin had successfully suppressed B. oleae 

populations and provided season-long pest control. However, D1 and D2 doses had almost similar 

effects against B. oleae populations. Furthermore, kaolin based-treatment seemed to have no adverse 

effect against parasitic activity and especially that of Psyttalia concolor. Eventually, based on the 

obtained results, it can be concluded that kaolin may be a promising alternative for the control of B. 

oleae in organic olive groves. 
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_________________________________________________________________________ 

 

The olive tree (Olea europaea) is 

one of the widely grown trees in the 

Mediterranean countries and is a crop of 

social and economic importance. The 

Tunisian olive grove consists of about 67 

million trees covering more than 1.7 

million hectares with Chemlali being the 

most grown cultivar in Tunisia and 

representing more than 60% of the total 

olive trees (12). 

The olive fruit fly, Bactrocera 

oleae (Diptera: Tephritidae), is one of the 

most devastating insect pests throughout  
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all olive-growing regions particularly in 

the Mediterranean countries (18, 25, 30, 

32). The olive fruit fly is strictly 

monophagous (20), and the gravid female 

lays its eggs in fruits. After hatching, the 

larvae feed and make galleries within the 

mesocarp which will be subsequently 

infected with fungi. The affected olive 

fruits are unsuitable for processing and 

when used, the quality of the extracted 

olive oil is sharply reduced leading to a 

significant decrease in its sensory 

characteristics and alterations in its 

quality parameters (decrease of phenol 

and antioxidant concentrations) (22). 

In olive canopies, B. oleae is 

controlled by chemical treatments (26). 

However, in order to reduce their impact 

on environment and to insure a safer food 

supply for consumers, searching for 
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alternatives to synthetic pesticides is 

increasingly needed. Kaolin particle film 

is frequently used to suppress or control 

arthropods and disease pests in many 

agricultural crops (2, 4, 6, 7, 8, 14, 25, 28, 

33). Kaolin is a white, fine-grained 

aluminosilicate mineral [Al4Si4O10(OH)8] 

(8). It may be used in organic agriculture 

both as natural mineral fertilizer and as 

ingredients processing of agricultural 

origin from organic production. It has the 

environmental advantage of being an inert 

product and non-toxic to vertebrates (9). 

In olive orchards, kaolin is sprayed 

on as a protective physical barrier against 

several pests such as the olive fruit fly (B. 

oleae), the black scale (Saissetia oleae) 

and the olive moth (Prays oleae). It is 

also applied as a repellent and 

antiovipositional (3, 5, 9, 21). 

Hence, the aim of our present 

study is to evaluate the effect of kaolin, 

used as a pest control method, against B. 

oleae population based on field 

experiments in order to determine if 

kaolin film could protect olive fruits 

against fly attack. This knowledge is 

useful for the development of an 

integrated pest management program in 

olive groves. 

 

MATERIALS AND METHODS 
The experiment was conducted on 

olive trees cv. Chetoui. The experimental 

field was located in North-Western part 

of Tunisia, Nabeul (36°27’50N, 

10°42’13E). The trials were performed 

during 2012, 2013 and 2014 years. 

Trees (30-40 years old) were 7 × 7 

m spaced. Four individual treatments 

were evaluated for their effects against B. 

oleae populations. They included an 

untreated control, two kaolin-based 

treatments (kaolin applied at two doses: 

D1 = 3 kg/hl and D2 = 5 kg/hl) and 

dimethoate 400 g/l (commercial product 

Perfekthion used at 100 ml/hl). Each 

individual treatment was repeated on 3 

plots (3 replicates). Each plot was 

composed of 16 trees (4 × 4) and the only 

4 trees located in the centre of the plot 

were monitored and treated. The volume 

of sprayed suspension ranged between 8 

and 10 l/tree. Treated trees were sprayed 

until drip and were visually inspected to 

ensure good coverage. The experiment 

was performed according to a randomized 

complete block design. 

Each year, kaolin sprays were 

applied once (on August 20) and 

dimethoate was repeated three times at 

15-day interval treatments (on August 20, 

September 11, and September 27). 

Spraying of insecticide products started 

from 20
th

 August, just after the summer 

heat, when the weather conditions 

become favorable to the outbreak of the 

olive fruit fly. 

Fruit damage was assessed by 

sampling fruits from around the whole 

tree. Fruit samples were collected weekly 

where 15 olives per tree were picked up 

randomly from treated and untreated 

trees. Each olive was examined for B. 

oleae infestation. Infested olives were 

then dissected under stereomicroscope to 

determine the developmental instar of the 

fly and the infestation rate. An assessment 

of parasitism rate of B. oleae larvae and 

pupae was also monitored and recorded. 

The formulas used for the calculation of 

infestation and parasitism rates are 

provided below. 

Infestation rate = (number of infested 

olives / total number of examined olives) 

× 100 

Parasitism rate = (number of parasitized 

larvae / total number of examined larvae) 

× 100 

Field olive fly population was 

monitored by Mac Phail traps baited with 

Di-Ammonium Phosphate (DAP) solution 

(3%) since June. Three traps per hectare 

were placed in the untreated plots. They 
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were attached 1.5 m above the ground at 

the exterior of the tree canopy and 

replaced weekly. The number of flies 

captured per trap was also recorded 

weekly. 

All statistical analyses were 

performed using SPSS software version 

18. Data of field experiments were 

processed by ANOVA analysis, after 

transformation using arcsine √x, 

according to the range of variation of the 

percentages. Means were separated 

according to the LSD test at the 5% 

significance level. 

 

RESULTS 
Fig. 1 reveals that the lowest 

infestation level of olives by B. oleae 

(12.34 ± 1.90%) was recorded during 

2012, while the highest one (19.63 ± 

3.92%) was noted in 2013 trial. Indeed, in 

2012, the infestation values were fairly 

low throughout the monitoring period. 

The damage induced by the olive fly did 

not exceed 26.2% (24
th

 October) in the 

untreated plots. The year 2013 was 

characterized by low yield and favorable 

climatic conditions for the outbreak of the 

olive fruit fly and such circumstances 

have prompted a possible migration of the 

insect to the inland of country (Pers. 

observations). During 2014, recorded 

olive production was high and was 

associated with a relatively high 

infestation compared to the two previous 

years where the greatest damage, 

expressed by an infestation rate of about 

36.5%, was recorded on 2
th 

October. 

High temperatures and low 

humidity occurring in August often 

slowed down B. oleae adult flying until 

the end of summer. At the beginning of 

September, the suitable temperature and 

the relatively high humidity enhanced 

adults’ appearance leading, consequently, 

to an increase in adults’ caught in traps 

till the end of the month (for example 37 

adults/trap/week were recorded in 

September 2013 (data not shown)). In the 

three-year monitoring, the peaks in B. 

oleae populations were usually observed 

in October (approaching olive maturity) 

which coincided with the appearance of 

the new autumn generations. Then, B. 

oleae population declined progressively 

with the decrease in temperature (Fig. 1). 

Dimethoate was found to be the 

most effective in rapidly decreasing B. 

oleae infestation levels specially one 

week after its spray. Unfortunately, this 

insecticide quickly lost its effectiveness 

after approximately 15 days where a 

further increase in infestation rates was 

noted. 

Kaolin based-treatments applied at 

both tested doses (D1 and D2) clearly 

reduced olive infestation by B. oleae as 

compared to control plots. Indeed, the 

reduction rate varied from 7.67 to 90.53% 

at the end of season for kaolin D1, while 

for kaolin D2, the reduction rate ranged 

between 7.11 and 91.59%. 

At harvest, the percentages of 

infested olives noted in all treated plots 

were very low and varied between 2.67 

and 7.33% while that of control plots was 

above threshold level (estimated as 10 to 

15 % for olive oil). 

For each experiment and year, a 

significant difference was noted between 

different treatments (F3, 39 = 78.22, P < 

0.0001; F3, 39 = 139.58, P < 0.0001 and 

F3, 39 = 84.17, P < 0.0001 for 2012, 2013 

and 2014 trials, respectively). Concerning 

Kaolin based-treatments, there was no 

significant difference between both doses 

tested where D1 and D2 had similar 

effects on B. oleae populations. Overall, 

no significant difference was also 

observed between kaolin- and 

Dimethoate-based sprays and both 

products maintained the olive infestation 

at a very low level (Infestation rate above 

10% in all treated plots two weeks after 
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sprays). However, a significant difference 

was recorded between kaolin (D1 and 

D2) and the untreated control (F2, 28 = 

58.22, P < 0.0001; F2, 28 = 79.58, P < 

0.0001 and F2, 28 = 74.17, P < 0.0001 for 

2012, 2013 and 2014 experiments, 

respectively) based on olive infestation 

level by B. oleae. 

 

 

 

 

 

 

Fig. 1. Variation in olive infestation rates by Bactrocera oleae depending on treatments tested in Nabeul noted 

during 2012, 2013 and 2014 monitoring years. 1: Date of kaolin sprays (August 20); 1, 2, 3: Dates of dimethoate 

sprays (August 20, September 11, and September 27); Kaolin D1 = 3 kg/hl; Kaolin D2 = 5 kg/hl; Dimethoate dose 
= 100 ml/hl. 
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During these field trials and even 

after several weak precipitations (12
th

, 

16
th

 November 2012: 1 mm and 3 mm, 

25
th

 September 2013: 4 mm and 19
th

 

November 2014: 1 mm), the kaolin film 

persisted longer on surfaces of fruits and 

leaves and despite its coverage reduction, 

its protective effect persisted till harvest. 

The years 2012 and 2013 were 

characterized by an average parasitic 

activity which varied between 6.74 and 

8.32%. Also, during 2014, high natural 

mortality rates were recorded within B. 

oleae population which was associated 

with a major parasitic activity, 

particularly of Psyttalia concolor 

(Hymenoptera: Braconidae). 

In general, kaolin seemed to have 

no adverse effect against the activity of 

parasitoids where no significant 

differences were detected between 

parasitism rates recorded in untreated 

control plots and those sprayed with 

kaolin using doses D1 and D2. However, 

dimethoate-based treatments had a 

detrimental effect on natural parasitic 

activity (Table 1). 

 

 

 
Table 1. Variation in parasitism rates depending on tested treatments noted during 
2012, 2013 and 2014 monitoring years 

Year Untreated Kaolin D1 Kaolin D2 Dimethoate 

2012 6.74 ± 5.98 a* 6.26 ± 2.95 a 5.9 ± 3.23 a 0.12 ± 1.25 b 

2013 8.32 ± 4.79 a 8.97 ± 5.05 a 8.36 ± 3.98 a 0.82 ± 1.49 b 

2014 16.26 ± 7.77 a 16.63 ± 6.61 a 14.35 ± 8.68 b 1.91 + 3.74 c 

* Mean values in rows followed by the same letter are not significantly different 

based on LSD test (at P < 0.05). D1 = 3 kg/hl; D2 = 5 kg/hl; Dimethoate dose = 

100 ml/hl. 

 

 

 

DISCUSSION 
Efficacy of kaolin sprays 

compared to dimethoate tested in Nabeul 

during 2012, 2013 and 2014 for the 

control of B. oleae was evaluated. In 

Tunisia, summer is generally 

characterized by high temperatures and 

low humidity disrupting olive fruit fly 

population dynamic and increasing 

abiotic mortality of B. oleae (10). 

Field trials undertaken during this 

three-year study indicate that kaolin 

exhibited great potential to control B. 

oleae populations in olive groves. Also, it 

provided excellent protection against a 

wide range of pest insects such as the 

Mediterranean fruit fly Ceratitis capitata 

on apple (17) and the aphid Myzus 

persicae on peach (11). 

Several Tephritid species, 

including olive fruit fly, use visual, tactile 

and olfactory cues to find its host plants 

(1). Prokopy and Haniotakis (24) revealed 

that B. oleae-positive reactions to colors 

were elicited by wavelengths as they are 

reflected from the foliage of olive trees 

and not by olive fruit colors. Therefore, it 

can be concluded that the bright white 

color of kaolin-sprayed olive trees could 

severely disrupt olive fruit fly orientation 

within the grove. Otherwise, the adult 

olive fruit flies may fail to recognize 

kaolin-sprayed trees and alight on the 

nearby unsprayed trees. 

It is plausible that B. oleae gravid 

females that visited kaolin-treated olives 

were repelled for behavioral reasons due 

to the tactile unsuitable surface texture of 

particle film-treated olives (19). 
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Currently, the most commonly 

practices used to control Tephritid species 

are based on synthetic insecticides in bait 

sprays (13, 15). The lack of significant 

difference in the infestation percentage 

between kaolin (once application) and 

dimethoate based-treatments (three 

applications) indicated that the kaolin is a 

suitable alternative to insecticides. 

However, after the cessation of sprays, 

the infestation level was slightly 

increased in the insecticide-treated plots 

compared with that in the kaolin-treated 

ones. The systemic activity of dimethoate 

lasts up to 14 days, but decreased when 

treated plants were subjected to abiotic 

stresses (31). Thus, treatment using 

dimethoate was sufficient to control olive 

fruit fly if a 2-week spray interval is 

maintained throughout the season (26), 

whereas the effect of kaolin particles film 

clearly remained visible and active till 

harvest.  

Throughout all field trials (2012-

2014), kaolin-sprayed foliage and fruits 

were checked for phytotoxic effects (e.g. 

leaf burn, leaf drop and fruit bronzing). 

Visual inspection revealed no adverse 

effects on plant foliage and fruit until the 

end of season. 

When applied in the field, kaolin 

can also reduce the abundance and the 

diversity of canopy arthropods (16, 21, 

27). But for the studied parasitoids, 

particularly P. concolor, kaolin based-

treatment seemed to have no adverse 

effect on the activity of these populations. 

In another study, Porcel et al. (23) did not 

find any difference in the abundance of 

adults of Chrysoperla carnea 

(Neuroptera: Chrysopidae) after kaolin 

applications in olive orchards. 

Data from the current study clearly 

demonstrated the effectiveness of kaolin 

in controlling B. oleae infestations. These 

promising findings support the need for 

further investigations on kaolin 

applications for the control of B. oleae in 

olive groves in large-scale trials in 

different geographical sites. 

__________________________________________________________________________ 

RESUME 

Gharbi N. et Ben Abdallah S. 2016. Efficacité du traitement au kaolin dans la lutte 

contre la mouche des olives Bactrocera oleae dans des oliveraies tunisiennes. Tunisian 

Journal of Plant Protection 11: 73-81. 

 
L'impact des traitements au kaolin (Doses 1 = 3 kg / hl et 2 = 5 kg / hl) sur les populations de la 

mouche des olives Bactrocera oleae a été étudié pendant trois années (2012-2014) dans une oliveraie 

située à Nabeul: Nord-Est de la Tunisie. Les résultats ont montré que le traitement au kaolin, comparé 

au diméthoate, a contribué à maintenir l'infestation des olives à un niveau très faible. Le traitement au 

kaolin a réduit suffisamment les populations de B. oleae tout le long de la saison. Cependant, les doses 

D1 et D2 ont eu pratiquement les mêmes effets sur les populations de B. oleae. En outre, il semble que 

les traitements au kaolin soient sans effet néfaste sur l'activité parasitaire et en particulier celle de 

Psyttalia concolor. Finalement, sur la base des résultats obtenus, on peut conclure que le kaolin 

pourrait être une alternative prometteuse pour la lutte contre B. oleae dans les oliveraies biologiques. 

 
Mots clés: Activité parasitaire, Bactrocera oleae, kaolin, olives, Tephritidae 

__________________________________________________________________________ 

 ملخص
 Bactrocera oleaeفي مكافحة ذبابة الزيتون  الكاولينلة بمالمعا نجاعة. 2016. بن عبد الله سرينو الغربي، ناصر

 Tunisian Journal of Plant Protection .81-73 :11                                 . التونسيةالزيتون في حقول 

 



Tunisian Journal of Plant Protection                    79                                                  Vol. 11, No. 1, 2016 
 

 

( على كغ/هل 5=  2و الجرعة  هل/غك 3=  1الجرعة )في جرعتين  (طين المكلسكاولين )الالب لةممعاتأثير التمت دراسة 

 شرقنابل: شمال بزيتون  حقلفي ( 2014-2012ثلاث سنوات )خلال  Bactrocera oleaeالزيتون  ةذبابمجتمعات 

 مستوى منخفض جدا من على الحفاظ علىساعدت  ،دايميثويتالالكاولين مقارنة ببلة مالمعاأظهرت النتائج أن  تونس.

كما تبين أن الموسم، كامل  طيلة B. oleae الآفة مجتمعاتتخفيض في  تساهم الكاولينب لةمالمعاف. إصابة الزيتون

 تأثير أي ليس لها الكاولينبة لماعميبدو أن الو. B. oleae مجتمعاتعلى مماثلة تقريبا  اتلهما تأثير 2و  1 الجرعتين

يمكن ، حصل عليهامتالالنتائج على  اعتمادا .Psyttalia concolorشبه الطفيل خاصة لول طفتالعلى نشاط سلبي 

 .ةالبيولوجي حقول الزيتونفي  B. oleae مكافحةلل اواعد بديلامثل تيمكن أن الكاولين استنتاج أن 

 

 Tephritidae ،Bactrocera oleae ،نشاط تطفل، كاولين زيتون،: كلمات مفتاحية

__________________________________________________________________________ 

 

LITERATURE CITED 
1. Alyokhin, A.V., Messing, R.H., and 

Duan, J.J. 2000. Visual and olfactory 

stimuli and fruit maturity affect trap 

captures of oriental fruit flies 

(Diptera: Tephritidae). J. Econ. 

Entomol. 93: 644-649. 

2. Belcari, A., Sacchetti, P., Marchi, G., 

and Surico, G. 2003. La mosca della 

olive e la simbiosi batterica. 

Informatore Fitopathologico 53: 55-

59. 

3. Benincasa, C., Briccoli Bati, C., 

Iannotta, N., Pellegrino, M., Pennino, 

G., Rizzuti, B., and Romano, E. 2008. 

Efficacy of kaolin and copper based 

products on olive-fruit fly (B. oloea 

Gmelin) and effects on nutritional and 

sensory parameters of olive oils. Riv. 

Sci. Alim. 4: 21-31. 

4. Braham, M., Pasqualini, E., and Ncira, 

N. 2007. Efficacy of kaolin, spinosad 

and malathion against Ceratitis 

capitata in citrus orchards. Bull. 

Insectol. 60: 39-47. 

5. De la Roca, M. 2003. Surround crop 

proctectant: La capa protectora natural 

para los cultivos como el olivar. 

Phytoma 148: 82-85. 

6. Glenn, D.M., Puterka, G.J., van der 

Zwet, T., Byers, R.E., and Feldhake, 

C. 1999. Hydrophobic particle films: a 

new paradigm for suppression of 

arthropods pests and plant diseases. J. 

Econ. Entomol. 92: 759-771. 

7. Glenn, D.M., van der Zwet, T., 

Puterka, G.J., Gundrum, P., and 

Brown, E. 2001. Efficacy of kaolin-

based particle films to control apple 

diseases. Plant Health Progress 

doi:10.1094/PHP-2001-0823-01-RS. 

8. Glenn, M. and Puterka, G.J. 2005. 

Particle films: a new technology for 

agriculture. Hortic. Rev. 31: 1-44. 

9. González-Núñez, M., Pascual, S., 

Seris, E., Esteban-Durán, J.R., 

Medina, P., Budia, F., Adán, A., and 

Viñuela, E. 2008. Effects of different 

control measures against the olive 

fruit fly (Bactrocera oleae (Gmelin)) 

on beneficial arthropofauna. 

Methodology and first results of field 

assays. IOBC/WPRS Bull. 35: 26-31. 

10. Jerraya, A. 2003. Principaux nuisibles 

des plantes cultivées et des denrées 

stockées en Afrique du Nord: leur 

biologie, leurs ennemis naturels, leurs 

dégâts et leur contrôle. Maghreb 

Editions, Tunisie, 415 pp. 

11. Karagounis, C., Kourdoumbalos, 

A.K., Margaritopoulos, J.T., Nanos, 

G.D., and Tsitsipis, J.A. 2006. 

Organic farming-compatible 

insecticides against the aphid Myzus 

persicae (Sulzer) in peach orchards. J. 

Appl. Entomol. 130: 150-154. 

12. Khlif, M., Ayadi, M., Grati-

Kammoun, N., Arous, M.N., Rekik, 

H., Hamdi, M.T., and Rekik-

Fakhfakh, B. 2002. Identifying 



Tunisian Journal of Plant Protection                    80                                                  Vol. 11, No. 1, 2016 
 

 

chemlali olive variety in its traditional 

area. Acta Hortic. 586: 117-120. 

13. Kombargi, W.S., Michelakis, S.E., 

and Petrakis, C.A. 1998. Effect of 

olive surface waxes on oviposition by 

Bactrocera oleae (Diptera: 

Tephritidae). J. Econ. Entomol. 91: 

993-998. 

14. Liang, G. and Liu, T.X. 2002. 

Repellency of a kaolin particle film, 

surround, and a mineral oil, sunspray 

oil, to silver leaf whitefly (Homoptera: 

Aleyrodidae) on melon in the 

laboratory. J. Econ. Entomol. 95: 317-

324. 

15. Maklakov, A., Ishaaya, I., Freidberg, 

A., Yawetz, A., Horowitz, A.R., and 

Yarom, I. 2001. Toxicological studies 

of organophosphate and pyrethroid 

insecticides for controlling the fruit 

fly Dacus ciliatus (Diptera: 

Tephritidae). J. Econ. Entomol. 94: 

1059-1066. 

16. Markó, V., Blommers, L.H.M., 

Bogya, S., and Helsen, H. 2008. 

Kaolin particle films suppress many 

apple pests, disrupt natural enemies 

and promote woolly apple aphid. J. 

Appl. Entomol. 132: 26-35. 

17. Mazor, M. and Erez, A. 2004. 

Processed kaolin protects fruits from 

Mediterranean fruit fly infestations. 

Crop Prot. 23: 47-51. 

18. Navrozidis, E.I., Vasara, E., 

Karamanlidou, G., Salpiggidis, G.K., 

and Koliais, S.I. 2000. Biological 

control of Bactrocera oleae (Diptera: 

Tephritidae) using a Greek Bacillus 

thuringiensis isolate. J. Econ. 

Entomol. 93: 1657-1661. 

19. Neuenschwander, P., Michelakis, S., 

Holloway, P., and Berchtold, W. 

1985. Factors affecting the 

susceptibility of fruits of different 

olive varieties to attack by Dacus 

oleae (Gmel.) (Dipt., Tephritidae). Z. 

Ang. Ent. 100: 174-188. 

20. Ochando, M.D. and Reyes, A. 2000. 

Genetic population structure in olive 

fly Bactrocera oleae Gmelin: gene 

flow and patterns of geographic 

differentiation. J. Appl. Entomol. 124: 

177-183. 

21. Pascual, S., Cobos, G., Seris, E., and 

González-Núñez, M. 2010. Effects of 

processed kaolin on pests and non-

target arthropods in a Spanish olive 

grove. J. Pest Sci. 83: 121-133. 

22. Pereira, J.A., Alves, M.R., Casal, S., 

and Oliveira, M.B.P.P. 2004. Effect of 

olive fruit fly infestation on the 

quality of olive oil from cultivars 

Cobrancosa, Madural and Verdeal 

Transmontana. Ital. J. Food Sci. 3: 

355-365. 

23. Porcel, M., Cotes, B., and Campos, 

M. 2011. Biological and behavioural 

effects of kaolin particle film on 

larvae and adults of Chrysoperla 

carnea (Neuroptera: Chrysopidae). 

Biol. Control 59: 98-105. 

24. Prokopy, R.J. and Haniotakis, G.E. 

1975. Responses of wild and 

laboratory-cultured Dacus oleae to 

host plant color. Ann. Entomol. Soc. 

Am. 68: 73-77. 

25. Rice, R.E. 2000. Bionomics of the 

olive fruit fly Bactrocera (Dacus) 

oleae. UC Plant Protection 10: 1-5. 

26. Saour, G. and Makee, H. 2004. A 

kaolin-based particle film for 

suppression of the olive fruit fly 

Bactrocera oleae Gmelin (Dip., 

Tephritidae) in olive groves. J. Appl. 

Entomol. 128: 28-31. 

27. Showler, A.T. and Setamou, M. 2004. 

Effects of kaolin particle film on 

selected arthropod populations in 

cotton in the Lower Rio Grande 

Valley of Texas. Southwest Entomol. 

29: 137-146. 

28. Showler, A.T. 2002. Effects of kaolin-

based particle film application on boll 

weevil (Coleoptera: Curculionidae) 



Tunisian Journal of Plant Protection                    81                                                  Vol. 11, No. 1, 2016 
 

 

injury to cotton. J. Econ. Entomol. 95: 

754-762. 

29. Stara, J., Ourednickova, J., and 

Kocourek, F. 2011. Laboratory 

evaluation of the side effects of 

insecticides on Aphidius colemani 

(Hymenoptera: Aphididae), 

Aphidoletes aphidimyza (Diptera: 

Cecidomyiidae), and Neoseiulus 

cucumeris (Acari: Phytoseidae). J. 

Pest Sci. 84: 25-31. 

30. Tzanakakis, M.E. 2003. Seasonal 

development and dormancy of insects 

and mites feeding on olive: A review. 

Neth. J. Zool. 5: 87-224. 

31. UK pesticide Guide 2012. CAB 

International British Crop Protection 

Council. In: The UK pesticide Guide 

2012. Ivens, G. W. and Berkshire, K. 

Editions BCPC Publications. 328 pp. 

32. Varela, L. and Vossen, P. 2003. Olive 

fruit fly. University of California 

cooperative extension -sonoma 

County. 

http://cesonoma.ucdavis.edu/HORTIC

/olive_fly/olive_fruit_fly.pdf. 

33. Vincent, C., Hallman, G., Panneton, 

B., and Fleurat-Lessard, F. 2003. 

Management of agricultural insects 

with physical control methods. Annu. 

Rev. Entomol. 48: 261-281. 

 

 

 

----------------------- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Tunisian Journal of Plant Protection                    82                                                  Vol. 11, No. 1, 2016 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


